, Maruishi Pharmaceutical Co., Osaka, Japan) solutions. Gereal vinegar (ca. 3.9% acetic acid; Mizkan Co., Aichi, Japan) was used as the vinegar. In addition, nutrient broth (Eiken Chemical Co., Tokyo, Japan) containing 0.5% sodium thiosulfate (Katayama Chemical Co., Tokyo, Japan) was used as an inactivator of sodium hypochlorite and peracetic acid, and 5% glycine solution (Kanto Chemical Co., Tokyo, Japan) as an inactivator of glutaral. [7] [8] [9] Five bacterial strains were evaluated: B. atrophaeus ATCC6633, B. anthracis Pasteur II, C. tetani KZ1113, C. botulinum type A 62A, and C. difficile ACTT9689. For spore preparation of B. atrophaeus, fresh cultures grown in nutrient broth were spread on nutrient agar (Eiken Chemical Co., Japan), and incubated at 37°C for 4 d. After 4 d, the spores were collected and washed several times with physiological saline using the centrifugal sedimentation technique. To kill the vegetative cells, the suspension was heated at 80°C for 10 min. A spore suspension containing 10 8 colony forming units (cfu)/ml was obtained.
For spore preparation of B. anthracis, fresh cultures grown in Luria-Bertani broth were spread on a low-nutrient agar [0.8% nutrient broth and 1% yeast extract (Difco, Detroit, U.S.A.), 0.05% MgSO 4 · 7H 2 O, 0.2% KCl, 1.6% agar, 0.1% MnSO 4 , 0.1% glucose, 0.1% Ca(NO 3 ) 2 , and 0.1% FeSO 4 ] , and incubated at 32°C for 7 d. After 7 d, the spores were collected and washed 10 times with chilled sterile distilled water. To kill the vegetative cells, the suspension was incubated at 85°C for 20 min. The suspension was then washed several times with distilled water, and the spore suspension containing 10 8 cfu/ml obtained. For spore preparation of C. tetani, a strain was anaerobically cultured (Anaeropack; Mitsubishi Gas Chemical Company Inc., Tokyo, Japan) in Takahashi medium (30 g of proteose peptone, 10 g of meat extract, 2 g of NaCl, 20 g of bacto agar, and 1000 ml of distilled water, pH 7.4) at 37°C for 7 d, and spores were scraped off using a platinum loop, suspended in physiological saline, washed several times with physiological saline using the centrifugal sedimentation technique. To kill the vegetative cells, the suspension heated at 80°C for 10 min. A Spore suspension to yield a spore preparation containing 10 7 cfu/ml was abtained. For spore preparation of C. botulinum, a strain was anaerobically cultured in TP medium (5 g of trypticase peptone, 0.5 g of bacto peptone, 0.1 g of sodium mercaptoacetate, and 100 ml of distilled water) at 30°C for 7 d. The suspension was then washed several times with distilled water, using the centrifugal sedimentation technique. To kill the vegetative cells, the suspension was heated at 60°C for 15 min. A spore sustension containing 10 6 cfu/mL was abtained. For spore preparation of C. difficile, a strain was anaerobically cultured in mBHI agar medium at 37°C for 5 d. Spores were scraped off using a platinum loop, suspended in physiological saline, washed several times with physiological saline employing the centrifugal sedimentation technique. To kill the vegetative cells, the suspension was heated at 70°C for 10 min to yield a spore preparation containing 10 7 cfu/ml was abtained.
Sporicidal Effects of Sodium Hypochlorite on Spores of 5 Bacterial Species in Suspension Tests
The sporicidal effects of 0.1% (1000 ppm) sodium hypochlorite on the spores of B. atrophaeus and B. anthracis were evaluated employing the following procedure at room temperature of 22Ϯ2°C. After the addition of 0.1 ml of spore preparations to 0.9 ml of 0.1% sodium hypochlorite, the mixture was stirred for 5 s, and 0.1 ml was collected at each time point and immediately added to 0.9 ml of nutrient broth containing 0.5% sodium thiosulfate, which was stirred for 5 s and left to stand for 10 min. The suspensions were serially diluted 10-fold with sterile saline. The undiluted or diluted samples (0.2 ml) were plated on nutrient agar and incubated 37°C for 48 h, after which the viable spores were counted.
The sporicidal effects of sodium hypochlorite on the spores of C. tetani, C. botulinum, and C. difficile were evaluated employing the following procedure at room temperature of 22Ϯ2°C. After the addition of 0.1 ml of spore preparations to 0.9 ml of 0.1% sodium hypochlorite, the mixture was stirred for 5 s, and 0.1 ml was collected at each time point and immediately added to 0.9 ml of nutrient broth containing 0.5% sodium thiosulfate, which was stirred for 5 s and left to stand for 10 min. The suspensions were serially diluted 10-fold with sterile saline. The undiluted or diluted samples (0.2 ml) were plated on modified GAM agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) and incubated anaerobically at 37°C for 96 h for C. tetani, on GAM agar (Nissui Pharmaceutical Co., Ltd.) at 37°C for 72 h for C. botulinum, and on CCMA agar (Nikken Bio Medical Laboratory Co., Ltd., Tokyo, Japan) at 37°C for 72 h for C. difficile.
Sporicidal Effects of Sodium Hypochlorite Alone and Sodium Hypochlorite Containing Vinegar on B. atrophaeus Spores in Suspension Tests
The sporicidal effects of 0.1% or 0.5% sodium hypochlorite, a mixture of 5% (50000 ppm) sodium hypochlorite, water, and vinegar in a ratio of 1 : 8 : 1 (0.5% sodium hypochlorite containing vinegar), and a mixture of 1% sodium hypochlorite, water, and vinegar in a ratio of 1 : 8 : 1 (0.1% sodium hypochlorite containing vinegar) were evaluated using the following procedure at room temperature of 22Ϯ2°C. After the addition of 0.1 ml of spore preparation to 0.9 ml of sodium hypochlorite or sodium hypochlorite containing vinegar, the mixture was stirred for 5 s, and 0.1 ml was collected at each time point of analysis and immediately added to 0.9 ml of nutrient broth containing 0.5% sodium thiosulfate, which was stirred for 5 s and left to stand for 10 min. The suspensions were serially diluted 10-fold with sterile saline. The undiluted and diluted samples (0.2 ml) were plated on nutrient agar at 37°C for 48 h.
Sporicidal Effects of Disinfectants on B. atrophaeus Spores Attached to Environmental Surfaces After 0.1 ml of the spore suspension of B. atrophaeus ATTC6633 (1.0ϫ 10 8 /ml) was placed on the carrier surface (vinyl chloride 2ϫ3 cmϭ6 cm 2 , tile 6 cm 2 , cement 6 cm 2 , and plywood 6 cm 2 plates), it was allowed to air-dry for 2 h in a class 2 biological safety cabinet. Subsequently, the plates were wiped with cotton swabs soaked in sodium hypochlorite or sodium hypochlorite containing vinegar so that the entire surface was wet. These plates were immersed in 20 ml of nutrient broth containing 0.5% sodium thiosulfate at each time point of analysis and ultrasonicated at 37 kHz for 10 min before the spores were counted. 10) Experiments using vinyl chloride plates were performed both at room temperature of 22Ϯ2°C and in an incubator at 10°C.
For cement and plywood plates, another disinfection method was also evaluated. These plates were covered with 2 sheets of sterile gauze (100% plain-weave cotton gauze; Kawamoto Sangyo Co., Ltd., Osaka, Japan: 2ϫ3 cm) soaked in 0.8 ml of 0.5% sodium hypochlorite, sodium hypochlorite containing vinegar, 0.3% peracetic acid, or 2% glutaral. At each time point of analysis, plates treated with sodium hypochlorite, sodium hypochlorite containing vinegar, or peracetic acid were immersed in 20 ml of nutrient broth containing 0.5% sodium thiosulfate and those treated with glutaral in 20 ml of 5% glycine solution and ultrasonicated at 37 kHz for 10 min before the spores were counted. This experiment was carried out at room temperature of 22Ϯ2°C.
Stability of Sodium Hypochlorite Containing Vinegar
The residual chlorine concentration in sodium hypochlorite after the addition of vinegar was determined at each time point of analysis at room temperature of 22Ϯ2°C. Available chlorine was measured using a pocket colorimeter 46700-00 (Central Kagaku Corp., Tokyo, Japan). The pH of sodium hypochlorite or sodium hypochlorite containing vinegar was measured using a pH meter F-7 type (Horiba Inc., Kyoto, Japan). Experiments were performed twice, and the mean value was calculated. Table 1 shows the effect of 0.1% (1000 ppm) sodium hypochlorite on the spores of the 5 bacterial species in suspension tests. This disinfectant inactivated the spores of B. atrophaeus within 30 min, those of B. anthracis within 20 min, those of C. botulinum and C. tetani within 5 min, and those of C. difficile within 1 min. Table 2 shows the sporicidal effects of sodium hypochlorite or sodium hypochlorite containing vinegar on B. atrophaeus spores in suspension tests. B. atrophaeus spores were inactivated within 30 min and 20 min by 0.1% and 0.5% sodium hypochlorite and within 30 s and 15 s by 0.1% and 0.5% sodium hypochlorite containing vinegar, respectively. Table 3 shows the sporicidal effects of wiping with sodium hypochlorite or sodium hypochlorite containing vinegar on B. atrophaeus spores attached to various types of plate (vinyl chloride, tile, cement, and plywood). B. atrophaeus spores attached to vinyl chloride or tile plates were inactivated within 20 min after wiping with 0.1% sodium hypochlorite containing vinegar and within 15 s after wiping with 0.5% sodium hypochlorite containing vinegar. However, B. atrophaeus spores attached to cement or plywood plates were not inactivated even 1 h after wiping with 0.5% sodium hypochlorite containing vinegar. Table 4 shows the sporicidal effects of wiping with 0.5% sodium hypochlorite and sodium hypochlorite containing vinegar on B. atrophaeus spores attached to vinyl chloride plates at a temperature of 10°C. This experiment at 10°C was done to know the efficacy of these disinfectants in a cool place. Compared with 22Ϯ2°C, the time required for inactivation was slightly prolonged, but spores were inactivated within 1 min after wiping with 0.5% sodium hypochlorite containing vinegar. Table 5 shows the sporicidal effects of covering with gauze soaked in 0.5% sodium hypochlorite and sodium hypochlorite containing vinegar on B. atrophaeus spores attached to cement or plywood plates. B. atrophaeus spores attached to cement plates were inactivated within 5 min, but those attached to plywood plates were not inactivated even 6 h after covering with gauze soaked in 0.5% sodium hypochlorite containing vinegar. Table 6 shows the sporicidal effects of covering with gauze soaked in 1% (10000 ppm) or 5% (50000 ppm) sodium hypochlorite, 0.3% peracetic acid, or 2% glutaral on B. atrophaeus spores attached to plywood plates. B. atrophaeus spores attached to plywood plates were not inactivated by 1% or 5% sodium hypochlorite even after 6 h but inactivated within 5 min by 0.3% peracetic acid and within 6 h by 2% glutaral. Table 7 shows the pH of sodium hypochlorite and sodium hypochlorite containing vinegar, and changes in the stability of sodium hypochlorite after the addition of vinegar (temperature, 22Ϯ2°C). The percentage of remaining free available chlorine in sodium hypochlorite 24 h after the addition of vinegar was 1% in 0.01% solution, 18% in 0.1% solution, and 48% in 0.5% solution. Thus, after the addition of vinegar, the residual chlorine concentration in sodium hypochlorite decreased rapidly.
RESULTS

DISCUSSION
The present experiments revealed that B. atrophaeus is the most resistant, followed in order by B. atrophaeus, B. anthracis, C. tetani and C. botulinum, and C. difficile among the spores of the five bacterial species examined. On-one hand, Bacterial spores are more difficult to kill than other 1328 Vol. 34, No. 8 
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a) NT, not tested. Therefore, assuming environmental contamination with B. anthracis, we performed experiments using the spores of B. atrophaeus as a substitute microorganism. Evaluation of the sporicidal effects of wiping with sodium hypochlorite and sodium hypochlorite containing vinegar on B. atrophaeus spores showed rapid sporicidal effects of 0.5% sodium hypochlorite containing vinegar on spores attached to vinyl chloride and tile plates. This rapid effect was also observed at 10°C. Sodium hypochlorite with a decreased pH due to the addition of vinegar has been shown to exhibit more marked sporicidal effects than sodium hypochlorite alone, 3, 12) and similar results were obtained in this study. However, even sodium hypochlorite containing vinegar did not have sporicidal effects on spores attached to cement or plywood plates. Therefore, to kill B. atrophaeus spores attached to cement or plywood plates, the plates were covered with gauze soaked in 0.5% sodium hypochlorite or sodium hypochlorite containing vinegar. Good sporicidal effects on B. atrophaeus spores attached to cement plates were observed. However, even covering with gauze soaked in 0.5% sodium hypochlorite containing vinegar could not kill B. atrophaeus spores attached to plywood plates. This may be due to inactivation of this agent by wood. 13, 14) In addition, to inactivate B. atrophaeus spores attached to plywood plates, the plates were covered with gauze soaked in sodium hypochlorite at high concentrations (1% and 5%), 0.3% peracetic acid, or 2% glutaral. The spores were inactivated by 0.3% peracetic acid and 2% glutaral within 5 min and 6 h, respectively. Peracetic acid and glutaral are highly toxic due to irritation of the respiratory tract and eye mucosae by their vapors and therefore should not be used for environmental disinfection. 15, 16) However, since sodium hypochlorite is ineffective in inactivating spores attached to wooden materials such as plywood, peracetic acid should be used with care taken to prevent human exposure to its vapors.
These results suggest the usefulness of 0.5% sodium hypochlorite containing vinegar for disinfecting environmental surfaces, excluding wooden materials such as plywood, contaminated with bioterrorism-associated microorganisms. In addition, peracetic acid may be useful for disinfecting wooden materials such as plywood. However, the residual chlorine concentration decreased by about half 24 h after the addition of vinegar to sodium hypochlorite. Therefore, sodium hypochlorite containing vinegar should be prepared immediately before use, and used also with care taken to prevent exposure to its chlorine gas.
